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Abstract 
It is vital to choose a factual and reasonable micro-structural model of braided composites for improving the calculating precision 
of thermal property of 3-D braided composites by finite element method (FEM). On the basis of new microstructure model of braided 
composites proposed recently, the model of FEM calculation for thermal conductivity of 3-dimennsional and 4-directional braided com-
posites is set up in this paper. The curves of coefficient of effective thermal conductivity versus fiber volume ratio and interior braiding 
angle are obtained. Furthermore, comparing the results of FEM with the available experimental data，the reasonability and veracity of 
calculation are confirmed at the same time. 
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1 Introduction* 
3-D braided composites are being widely used 
in the areas of aeronautics and astronautics and so 
on because of its superior mechanics and physics 
property. In the former research considerable atten-
tion has focused on microstructure[1-2], stiffness[3-4] 
and strength[5], but investigations into thermal con-
ductivity property of 3-D braided composites were 
few. In Ref.[6], they studied thermal conductivity 
property of 3-D braided composites based on “*” 
cell model, however, the results of prediction were 
imperfect. Although this cell model can be used to 
precisely predict the elastic modulus, there are ob-
vious defects existed when used to predict the ther-
mal conductivity property, because the microstruc-
ture of this cell model is different from the real one 
of 3-D braided composites. So it is necessary to 
choose more real and reasonable cell model to study 
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the thermal conductivity of 3-D braided composites. 
Recently, a new model that can reflect the relative 
real microstructure of 3-dimensional and 4-direc-
tional braided composites was advanced, and the 
prediction of elastic modulus based on this cell 
model is in excellent agreement with experiment 
data. In this paper, the finite element model that was 
based upon the cell model in Refs.[7-8] is built, and 
then the rules of coefficient of effective thermal 
conductivity versus fiber volume ratio and braiding 
angle are obtained. The comparison of the present 
analysis results with experimental data in Ref.[6] 
shows good agreement. 
2 Finite Element Model 
3-D braided composites have complicate mi-
crostructure, generally speaking, the whole compos-
ites can not be taken for calculation. However, 3-D 
braided composites are composed of periodic unit 
cells, so thus a unit cell that captured the major fea-
tures of the underlying microstructure and composi-
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tion in the material can be chosen for calculation. 
According to the conclusions of three-cell model[2], 
for the preforms of 3-dimensional and 4-directional 
rectangular braided composites(m×n), when the 
values of m and n are large, one can only study the 
basis cell and ignore the effects of surface cell and 
corner cell. In this paper, the unit cell computation 
model is built by ANSYS APDL language according 
to the results of Refs.[7-8], the size of the unit cell 
can refer to Ref.[8]. The shape and fiber construc-
tion of the cell model are shown in Fig.1 and Fig.2, 
respectively. 
As shown in Fig.1, the parts of light color are 
fiber bundles, and the fuscous parts are matrix. The 
direction of Z is braiding direction. As shown in 
Fig.2, fiber bundles, which are represent by inclined 
straight lines, are distributed along four directions in 
the space, and the angle θ is braiding angle. 
 
Fig.1  Interior cell model. 
 
Fig.2  Fiber construction. 
When building the finite element model of the 
cell, there are several basic assumptions that are 
common to all of the analyses to be presented and 
can be stated as follows: ① the cross section of fi-
ber bundles is hexagon, the size of which can refer 
to Ref.[7]; ② the interface between fiber and matrix 
is ideal, so the contact resistance between fiber and 
matrix is not take into account. 
Based on the cell model and those assumptions 
mentioned above, the finite element model can be 
built. First, giving fiber bundles and matrix different 
material properties. Then mesh the cell model with 
thermal solid element SOLID70. Because the shapes 
of fiber bundles and matrix are irregular, free mesh 
is more proper. 
In finite element analysis, the longitudinal 
thermal conductivity of one-directional composite 
column is given by the simple rule-of-mixture for-
mula 
L f11 f m mK K V K V= +          (1) 
This formula is precise enough to meet the 
need of general engineering application[9]. However, 
it is difficult to choose proper formula to calculate 
the transverse thermal conductivity of the column, 
because there are many factors can affect it. But by 
numerical test it was found that the upper bound of 
Hashin[9] is appropriate in this paper for calculation. 
f
T m
f 22 m m m1/( ) /(2 )
VK K
K K V K
+ = + − +     (2) 
In Eqs.(1)-(2), K is coefficient of thermal conduc-
tivity; Vf and Vm are fiber and matrix volume ratios 
of the column, respectively; subscript T, L refer to 
transverse and longitudinal respectively; subscript 
f11, f22 refer to coefficient of longitudinal thermal 
conductivity and coefficient of transverse thermal 
conductivity of fiber; subscript m is matrix; super-
script + is upper bound. 
3 Boundary Conditions 
There are three kinds of boundary conditions in 
heat transfer[10]:  
① The distribution of temperature Tw on the 
surface is known. 
② The distribution of heat flux on the surface 
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qw is known. 
③ Convective heat transfer on the surface is 
known. 
Theoretically speaking, any two of them can be 
used as boundary conditions in this paper, then ac-
cording to the rule of heat transfer in anisotropic 
solid, namely 
3
1
    ( 1, 2,3)i ij
j j
Tq k i
x=
∂= − =∂∑        (3) 
Coefficients of thermal conductivity Kij can be 
obtained; where qi is heat flux along i direction. 
However, if boundary conditions are more compli-
cate, it will be more difficult to gain the coefficients 
of thermal conductivity. Therefore, the simplest 
boundary conditions can be used, namely, Tw=const 
and qw=const.  
To obtain coefficient of longitudinal thermal 
conductivity, different temperature on the two op-
posite surfaces of the composites along longitudinal 
direction can be applied. The other four surfaces are 
insulated. 
4 Results and Discussion 
The constituent properties and braiding pa-
rameters used as input to analyze were taken from 
Ref.[6]. 
4.1 Results of coefficient of effective transverse
 thermal conductivity and analysis 
Table 1 shows the comparison of the finite 
element results with Ref.[6] and experimental data, 
it can be seen that the results of this paper are more 
close to experimental data, more accurate, and the 
average error is 11.5%. Furthermore, the rules that 
coefficient of effective transverse thermal conduc-
tivity( T'λ ) versus fiber volume ratio( fV ' ) and 
braiding angle(θ ) are obtained, as shown in Fig.3 
and Fig.4. 
In Fig.3, the shape of these curves suggests that   
T'λ is increased linearly with the increase of fiber 
volume ratios when θ  is certain. The reason is that 
coefficient of thermal conductivity of fiber is larger 
than matrix, so T'λ is increased when fV '  is increa- 
Table 1 Comparison of FEM with the results of Ref.[6] 
and experimental data 
 ( )1 1T W K m'λ − −⋅ ⋅  
Sample This paper Ref.[6] Exp. results in Ref.[6] 
1 0.810 0.916 25 0.694 
2 0.839 0.963 18 0.730 
3 0.875 0.969 72 0.780 
4 0.852 0.969 69 0.700 
5 0.779 0.907 70 0.770 
6 0.807 0.941 67 0.750 
7 0.794 0.875 34 0.750 
Average 
error/% 11.5 26.71  
 
Fig.3  The curves of effective transverse thermal conductiv-
ity versus fiber volume ratios. 
 
 
Fig.4  The curves of effective transverse thermal conductiv-
ity versus fiber volume ratio. 
sed. In the same way, when fV '  is certain, Fig.4 
shows T'λ is increased with the increase of θ. When 
θ becomes larger, more fiber will be inclined to 
transverse direction, and Kf22 is larger than Km, so 
transverse thermal conductivity is strengthening. 
Comparison with the values of T'λ in Fig.3 and Fig.4, 
it can be seen that when fV '  is low, θ is small, T'λ is 
more close to Km, so heat transfer of matrix is 
dominant in composites. However, when fV '  is in-
creased, T'λ is far larger than Km because of func-
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tion of Kf22. Therefore, when fV '  is large and θ is 
small, T'λ  of fiber is dominant. Of course, if fV '  
and θ are all large, then T'λ will be larger. 
4.2 Results of coefficient of effective longitu- 
dinal thermal conductivity and analysis 
L'λ is coefficient of effective longitudinal ther-
mal conductivity of braided composites in Fig.5 and 
Fig.6. The curves of Fig.5 show that L'λ  is also 
increased with the increase of fV '  when θ is certain. 
However, when fV '  is certain, L'λ decreases with 
the increase of θ . Furthermore, when fV '  and θ 
are small, L'λ  is far larger than Km, it indicates that 
longitudinal thermal conductivity of fiber is primary. 
Otherwise, if θ is very large and fV '  is small, L'λ is 
close to Km, so thermal conductivity of matrix is 
dominant. 
 
Fig.5  The relationship between L'λ and fV ' . 
 
Fig.6  The relationship between L'λ  and θ. 
The curves in Figs.3-6 show that θ and fV '  are 
two key factors in thermal conductivity of braided 
composites. Moreover, it can be seen that the dif-
ference between the values of L'λ  and T'λ is very 
large when θ and fV '  are the same. This phenome-
non indicates that thermal conductivity of braided 
composites takes on obvious anisotropic, especially 
when θ is small. 
It should be noted that the range of θ is 15°- 
65°, and the range of fV '  is 0.35-0.60, so the results 
of this paper can meet the needs of practical engi-
neering. Furthermore, the methodology in this paper 
can be extended to make predictions for the coeffi-
cient of thermal conductivity of 5-D, 6-D and 7-D 
braided composites.  
5 Conclusions 
(1) Microstructure of 3-D braided composites 
is important for analysis of thermal conductivity, 
more real cell model conduce to more accurate re-
sults. Moreover, the results indicate that FEM is of 
good precision when used to analyze thermal con-
ductivity of braided composites. 
(2) Coefficient of effective transverse thermal 
conductivity of 3-D braided composites is increased 
with the increase of braiding angle, also increased 
with the increase of fiber volume ratio. Coefficient 
of effective longitudinal thermal conductivity is 
increased with the increase of fiber volume ratio, 
but decreased with the increase of braiding angle. 
The results indicate that braiding angle and fiber 
volume ratio are the primary factors in thermal 
conductivity of braided composites. 
(3) Thermal conductivity performance of 3-D 
braided composites take on obvious anisotropy, es-
pecially when braiding angle is small.  
(4) The disparity between the numerical finite 
element solution and experimental data is due to 
two factors: one is the thermal property of fiber 
bundles, the other lies in the difference between 
finite element model with real material. 
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